Preemergence Herbicidal Activity of Soybean Meal and Its Ecological Effects on Soil Microbes by 杨剑
学校编码：10384                                 分类号     密级        
学号：B200434017                                      UDC           
 
  




Preemergence Herbicidal Activity of Soybean Meal and Its Ecological 
Effects on Soil Microbes 
杨剑 
指导教师姓名：卢昌义 教授        
专  业 名 称：环 境 工 程 
论文提交日期：2008 年 5 月 
论文答辩时间：2008 年 8 月 
学位授予日期：2008 年 月不超过闹别扭   
 
答辩委员会主席：黄维南 教授 博导  
评    阅    人：涂炳坤  教授 博导        
栾天罡  教授 博导 
章家恩  教授 博导 






















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 














目  录 
 i
目  录 
表 索 引  .....................................................................................................................................Ⅰ 
Table Index......................................................................................................................................Ⅲ 
图 索 引.........................................................................................................................................Ⅵ 
Figure Index ....................................................................................................................................Ⅶ 
常用缩略语.....................................................................................................................................Ⅸ 
摘    要.........................................................................................................................................Ⅺ 
Abstract  ...................................................................................................................................ⅩⅣ 
第 1 章  前言...................................................................................................................................1 
1.1 天然除草活性产物的研究进展......................................................................................1 








1.3 论文思路、研究意义及主要研究内容和技术路线 ....................................................26 
1.3.1 论文思路与研究意义...................................................................................26 
1.3.2 研究内容与技术路线...................................................................................27 
第 2 章  材料与方法.....................................................................................................................31 
2.1 实验材料 .......................................................................................................................31 
2.1.1 供试植物 ......................................................................................................31 
2.1.2 制备除草活性物质的原料...........................................................................31 
2.2 仪器和试剂 ...................................................................................................................32 
2.2.1 实验仪器 ......................................................................................................32 





2.4.1 酶解反应 ......................................................................................................35 
2.4.2 浓缩干燥 ......................................................................................................36 





















目  录 
 ii
2.6.2 豆粕水解物的除草活性实验.......................................................................39 








2.9 豆粕对多年生黑麦草种子萌发及幼苗早期生长发育的生理生化特性影响 ............43 







2.11.1 试验处理 ......................................................................................................51 
2.11.2 土壤酶活性的测定.......................................................................................52 
2.11.3 土壤微生物类群数量测定...........................................................................54 
2.11.4 土壤微生物 DGGE 检测 .............................................................................54 
2.11.5 土壤微生物 RAPD 检测 ..............................................................................56 
2.12 数据处理 .......................................................................................................................56 




3.4 豆粕培养液除草活性实验前后 pH 及无机氮的变化 ................................................65 
3.5 无菌培养条件下豆粕粉的除草活性............................................................................66 
3.6 本章小结 .......................................................................................................................68 
第 4 章  豆粕水解物的萌前除草活性分析 .................................................................................69 




4.5 不同相对分子质量豆粕水解肽对多年生黑麦草种子萌发生根的抑制作用 ............77 
4.6 本章小结 .......................................................................................................................78 
第 5 章  豆粕水解肽的分离纯化及除草活性分析 .....................................................................80 
5.1 离子交换层析对豆粕水解肽的分离............................................................................80 
5.2 凝胶过滤层析对 IEC-A8 组分的分离 .........................................................................85 
5.3 制备型 C18-RP-HPLC 对 GFC-A2 组分的分离 .........................................................88 
5.4 分析型 RP-HPLC 对 P-H-3 组分的分离......................................................................89 
5.5 HPLC-1 和 HPLC-2 峰纯度检验..................................................................................93 

















5.9 本章小结 .......................................................................................................................96 
第 6 章  玉米蛋白粉及其水解物萌前除草活性分析 .................................................................97 
6.1 玉米蛋白粉营养成分与矿质元素................................................................................97 
6.2 培养箱内玉米蛋白粉萌前除草活性............................................................................98 




6.7 不同相对分子质量玉米蛋白粉水解肽对多年生黑麦草的萌前除草活性 ..............109 
6.8 本章小结 .....................................................................................................................110 
第 7 章  豆粕对多年生黑麦草种子萌发及幼苗生长过程生理生化特性影响 .......................112 
7.1 豆粕对抗氧化系统酶的影响......................................................................................112 
7.1.1 豆粕对 SOD 活性影响...............................................................................112 
7.1.2 豆粕对 POD 活性的影响...........................................................................114 
7.1.3 豆粕对 CAT 活性的影响 ...........................................................................115 




7.4 本章小节 .....................................................................................................................119 








8.8  豆粕对细叶结缕草草坪冬季“保绿”作用的探讨 ......................................................126 
8.9  本章小结 .....................................................................................................................127 





9.1.4   豆粕对蛋白酶活性的影响.........................................................................131 




9.3  豆粕对结缕草草坪土壤微生物影响的 DGGE 分析.................................................133 













目  录 
 iv
9.3.2 16SrDNA V3 区 PCR 的 PCR 扩增产物...................................................134 
9.3.3 土壤细菌 DGGE 图谱 ..............................................................................135 
9.3.4 土壤细菌丰富度的 DGGE 分析................................................................136 
9.3.5 土壤细菌多样性指数的 DGGE 分析........................................................138 
9.3.6 土壤细菌均匀度指数的 DGGE 分析........................................................139 
9.4 豆粕对结缕草草坪土壤微生物影响的 RAPD 分析 .................................................140 
9.4.1 多态位点比率.............................................................................................140 
9.4.2 Shannon 指数估计的处理内多样性..........................................................141 
9.4.3 Shannon 指数估计的处理间多样性..........................................................142 
9.4.4 随处理时间变化的多态位点条带数.........................................................143 
9.5 本章小结 .....................................................................................................................144 
第 10 章  总结.............................................................................................................................146 
10.1 主要结论 .....................................................................................................................146 




致    谢.......................................................................................................................................163 













Table of Contents 
 v
Table of Contents 
Table Index (In Chinese).................................................................................................................Ⅰ 
Table Index (In English) .................................................................................................................Ⅲ 
Figure Index (In Chinese) ...............................................................................................................Ⅵ 
Figure Index (In English)................................................................................................................Ⅶ 
Abbreviations..................................................................................................................................Ⅸ 
Abstract (In Chinese) ......................................................................................................................Ⅺ 
Abstract (In English)...................................................................................................................ⅩⅣ 
Chapter 1  Literature Review ..........................................................................................................1 
1.1 Advances in Herbicidal Activity of Natural Products......................................................1 
1.1.1 Harmful Status of Weeds, the Concept and Significance of Weed Control by 
Natural Products..............................................................................................1 
1.1.2 Organisms and Their Residues for Weed Control ...........................................2 
1.1.3 Plant Crude Extracts for Weed Control.........................................................12 
1.1.4 Pure Compounds for Weed Control ..............................................................14 
1.1.5 Discovery Strategies and Isolation of Natural Herbicidal Compounds.........20 
1.2 Advances in Study on Soil Microbial Diversity.............................................................21 
1.2.1 Soil Microbial Diversity and Its Ecological Significance.............................21 
1.2.2 Methods for Studying Soil Microbial Diversity............................................23 
1.3 Aim, Interest, Main Content and Method of Present Study ...........................................26 
1.3.1 Aim and Interest............................................................................................26 
1.3.2 Research Content and Designment ...............................................................27 
Chapter 2  Materials and Methods ................................................................................................31 
2.1 Materials ........................................................................................................................31 
2.1.1 Tested Plants .................................................................................................31 
2.1.2 Materials for Herbicidal Activity ..................................................................31 
2.2 Instruments and Reagents ..............................................................................................32 
2.2.1 Instruments....................................................................................................32 
2.2.2 Reagents........................................................................................................33 
2.3 Analysis of Nutrient Composition and Elements in SBM and CGM.............................34 
2.3.1 Nutrient Composition Test ............................................................................34 
2.3.2 Element Test..................................................................................................34 
2.4 Preparation for SBH and CGH.......................................................................................35 
2.4.1 Zymolytic Reaction.......................................................................................35 
2.4.2 Concetration and Drying...............................................................................36 
2.4.3 Preparation for Peptides with Different MW by Ultrafiltration ....................36 
2.5 Herbicidal Experiments in Growth Chamber.................................................................37 
2.5.1 Herbicidal Experiments for SBM and CGM.................................................37 
2.5.2 Herbicidal Experiments for SBH and CGH..................................................37 
2.5.3 Herbicidal Experiments in Aseptic Condition...............................................37 
2.5.4 Herbicidal Experiments for Peptides with Different WM.............................38  













Table of Contents 
 vi
2.6.1 Herbicidal Experiments for SBM .................................................................39 
2.6.2 Herbicidal Experiments for SBH ..................................................................39 
2.7 Effect of pH and Inoranic N Analysis of Culture Media on Herbicidal Activity ...........39 
2.8 Separation and Purification of SBM Hydrolyzed Peptides ............................................41 
2.8.1 Separation of Ion Exchange Chromatography ..............................................41 
2.8.2 Separation of Gel Filtartion Chromatography...............................................42 
2.8.3 Separation of RP-HPLC................................................................................42 
2.8.4 Determination of Protein Content .................................................................42 
2.8.5 Bioassay of Root-Inhibiting Activity ............................................................42 
2.8.6 Determination of MW and Sequence of Purified Peptide.............................42 
2.9 The Study of SBM on Seed Germination and Seedling Early Growth of Perennial 
Ryegrass .....................................................................................................................43 
2.9.1 Treatments.....................................................................................................43 
2.9.2 The Tested Paramrters and Methods .............................................................43 
2.10 The Study of SBM on Zoysia tenuifolia Turf Quality....................................................49 
2.10.1 The Outlook of Experiment Plot ...................................................................49 
2.10.2 The Turf for Experiment and Treatments......................................................49 
2.10.3 The Tested Contents and Methods ................................................................49 
2.11 The Study of SBM on Turf Soil Microbial Diversity.....................................................51 
2.11.1 Treatments.....................................................................................................51 
2.11.2 Determinations of Soil Enzymes Activity.....................................................52 
2.11.3 Number of Different Soil Microbial Population ...........................................54 
2.11.4 DGGE Assay of Soil Microbes .....................................................................54 
2.11.5 RAPD Assay of Soil Microbes......................................................................56  
2.12 Data Analysis .................................................................................................................56 
Chapter 3  Evaluation on Preemergence Herbicidal Activity of SBM..........................................57 
3.1 Nutrient Composition and Element Analysis .................................................................57 
3.2 Preemergence Herbicidal Activity of SBM in Growth Chamber...................................57 
3.3 Preemergence Herbicidal Activity of SBM in Greenhouse............................................61 
3.4 Variation of pH and Inorganic N in SBM Before and After Herbicidal Experiment .....65 
3.5 Preemergence Herbicidal Activity of SBM in Aseptic Condition..................................66 
3.6 Conclusion .....................................................................................................................68 
Chapter 4  Evaluation on Preemergence Herbicidal Activity of SBH...........................................69 
4.1 Physical Characteristics and Protein Contents of SBH and Peptides with Different WM
...................................................................................................................................69 
4.2 Preemergence Herbicidal Activity of SBH in Growth Chamber....................................70 
4.3 Preemergence Herbicidal Activity of SBH in Greenhouse ............................................73 
4.4 Preemergence Herbicidal Activity of SBH in Growth Chamber under  Aseptic 
Conditon.....................................................................................................................75 
4.5 Effect of SBM Hydrolyzed Peptides with different WM on Root Inhibition of Perennial 
Ryegrass .....................................................................................................................77 
4.6 Conclusion .....................................................................................................................78 
Chapter 5  Separation and Purification of SBM Hydrolyzed and Herbicidal  Bioassay .............80 













Table of Contents 
 vii
5.2 Separation of IEC-A8 Fraction by Gel Filtration Chromatography...............................85 
5.3 Separation of GFC-A2 by Preparation RP-HPLC .........................................................88 
5.4 Separation of P-H-3 by RP-HPLC .................................................................................89 
5.5 Peak Purity Test of HPLC-1 and HPLC-2 .....................................................................93 
5.6 Molecular Weight Determination of Peptide in HPLC-1...............................................94 
5.7 Amino Acid Sequencing of the Purified Peptide ...........................................................95 
5.8 Root Inhibitory Activity of the Purified Peptide ............................................................96 
5.9 Conclusion .....................................................................................................................96 
Chapter 6  Evaluation on Preemergence Herbicidal Activity of CGM and CGH .........................97 
6.1 Nutrient Composition and Element Analysis of CGM...................................................97 
6.2 Preemergence Herbicidal Activity of CGM in Growth Chamber ..................................98 
6.3 Variation of pH and Inorganic N in CGM Before and After Herbicidal Experiment...101 
6.4 Preemergence Herbicidal Activity of CGM in Aseptic Condition ...............................102 
6.5 Preemergence Herbicidal Activity of CGH..................................................................104 
6.6 Preemergence Herbicidal Activity of CGH in Aseptic Condition................................107 
6.7 Effects of SBM Hydrolyzed Peptides with Different WM on Root Preemergence 
Herbicidal of Perennial Ryegrass.............................................................................109 
6.8 Conclusion ...................................................................................................................110 
Chapter 7  Effects of SBM on Seed Germination and Seedling Early Growth of Perennail 
Ryegrass ....................................................................................................................112 
7.1 Effects of SBM on Antioxidant Enzymes Activity ......................................................112 
7.1.1 Effect of SBM on Activity of SOD.............................................................112 
7.1.2 Effect of SBM on Activity of POD.............................................................114 
7.1.3 Effect of SBM on Activity of CAT .............................................................115 
7.1.4 Effect of SBM on Content of MDA............................................................116 
7.1.5 Discussion of SBM on Antioxidant Enzymes Activity ...............................117 
7.2 Effect of SBM on Soluble Sugar Content ....................................................................117 
7.3 Effect of SBM on Soluble Protein Content..................................................................118 
7.4 Conclusion ...................................................................................................................119 
Chapter 8  Effects of SBM on Zoysia tenuifolia Turf Quality ....................................................120 
8.1 Effect of SBM on Turf Coloration ...............................................................................121 
8.2 Effect of SBM on Turf Equitability .............................................................................121 
8.3 Effect of SBM on ChlorophyⅡContent of Turf Grass ................................................122 
8.4 Effect of SBM on Total Nitrogen Content of Turf Grass .............................................123 
8.5 Effect of SBM on Nitrate Reeducates Activity of Turf Grass......................................123 
8.6 Effect of SBM on Biomass of Turf Grass ....................................................................124 
8.7 Effect of SBM on Photosynthesis of Turf Grass ..........................................................125 
8.8 Discussion of SBM on Green Effect of Zoysia tenuifolia Turf in Winter ....................126 
8.9 Conclusion ...................................................................................................................127 
Chapter 9  Ecological Effects of SBM on Soil Microbes of Perennial Ryegrass Turf ................128 
9.1 Effects of Soybean on Soil Enzymes Activity .............................................................128 
9.1.1 Effect of Soybean on Activity of Catalase ..................................................128 
9.1.2 Effect of Soybean on Activity of Urease.....................................................129 













Table of Contents 
 viii
9.1.4 Effect of Soybean on Activity of Proteinase ...............................................131 
9.2 Effect of SBM on Number of Soil Microbes in Zoysia tenuifolia Turf .......................131 
9.2.1 Effect of SBM on Number of Bacteria in Zoysia tenuifolia Turf Soil ........131 
9.2.2 Effect of SBM on Number of Fungus in Zoysia tenuifolia Turf Soil..........132 
9.2.3 Effect of SBM on Number of Actinomycete in Zoysia tenuifolia Turf Soil133 
9.3 Effect of SBM on Soil Microbes in Zoysia tenuifolia Turf Analyzed by DGGE.........133 
9.3.1 Total DNA of Soil Microbes .......................................................................133 
9.3.2 PCR Product of 16SrDNA V3 Area ............................................................134 
9.3.3 DGGE Patterns of Soil Bacteria..................................................................135 
9.3.4 Abundance of Soil Bacteria by DGGE Patterns Analysis...........................136 
9.3.5 Diversity Index of Soil Bacteria by DGGE Patterns Analysis ....................138 
9.3.6 Equitability Index of Soil Bacteria by DGGE Patterns Analysis ................139 
9.4 Effect of SBM on Soil Microbes in Zoysia tenuifolia Turf Analyzed by RAPD .........140 
9.4.1 Percentage of Polymorphic Loci.................................................................140 
9.4.2 Diversity within Treatment Estimated by Shannon Index ..........................141 
9.4.3 Diversity among Treatments Estimated by Shannon Index ........................142 
9.4.4 Number of Belts of Polymorphic Loci Among Different Sampling Date...143 
9.5 Conclusion ...................................................................................................................144 
Chapter 10  Summaries and Conclusions....................................................................................146 
10.1 Conclusions..................................................................................................................146 
10.2 Innovations...................................................................................................................147 





















表 1-1   典型栽培植物的化感作用 ...............................................................................................4 
表 1-2   微生物源天然毒素及其作用靶点 .................................................................................15 
表 1-3   已商品化或具有开发前景的植物源天然除草活性物质 .............................................19 
表 2-1   供试植物种子播种量及萌发时间 .................................................................................32 
表 2-2   主要的实验仪器 .............................................................................................................32 
表 2-3   主要实验试剂 .................................................................................................................33 
表 2-4   样品矿质元素的检测方法 .............................................................................................34 
表 2-5   火焰法仪器条件 .............................................................................................................35 
表 2-6   石墨炉法仪器条件 .........................................................................................................35 
表 2-7   SOD 显色反应试剂配置表 ............................................................................................44 
表 2-8   紫外吸收反应溶液配置表 .............................................................................................45 
表 2-9   可溶性糖标准曲线试剂量 .............................................................................................47 
表 2-10  用于 RAPD 分析的 15 个随机引物 ...............................................................................56 
表 3-1   豆粕营养成分及矿质元素分析 .....................................................................................57 
表 3-2   豆粕对植物种子相对发芽率，根及芽长抑制率方差分析总表..................................58 
表 3-3   培养箱实验条件下豆粕对 8 种植物的根长抑制率......................................................59 
表 3-4   培养箱实验条件下豆粕对 8 种植物芽长的抑制率......................................................60 
表 3-5   培养箱实验条件下豆粕对 8 种植物种子相对发芽率的影响......................................61 
表 3-6   豆粕对 8 种植物种子相对发芽率、幼苗根长及芽长抑制率的方差分析 ..................62 
表 3-7   温室盆栽条件下豆粕表施和混施对 8 种植物的根长抑制率......................................63 
表 3-8   温室盆栽条件下豆粕表施和混施对 8 种植物芽长抑制率..........................................64 
表 3-9   温室盆栽条件下不同施用量的豆粕表施与混施对 8 种植物种子相对发芽率的影响
.........................................................................................................................................65 
表 3-10  豆粕液培养 7 d 后 pH 及氮素变化................................................................................66 
表 3-11  豆粕在无菌与非无菌培养条件下对多年生黑麦草及红三叶的根长抑制率、芽长抑制
率及相对发芽率的影响.................................................................................................67 
表 4-1   豆粕水解物及不同相对分子质量水解肽组分的蛋白质及氮含量..............................69 
表 4-2   豆粕水解物对植物种子相对发芽率，幼根及幼芽抑制率方差分析总表..................70 
表 4-3   4 种浓度的豆粕水解物在培养相实验条件下对 9 种植物的根长抑制率 ...................71 
表 4-4   培养箱实验条件下豆粕水解物对 9 种植物芽长抑制率..............................................72 
表 4-5   培养箱实验条件下豆粕水解物对 9 种植物种子相对发芽率的影响..........................73 
表 4-6   豆粕水解物对多年生黑麦草的种子的相对发芽率、根长抑制率及芽长抑制率的影响
.........................................................................................................................................75 
表 4-7   豆粕水解物在无菌及非无菌条件下对多年生黑麦草的种子萌发的影响..................76 
表 4-8   豆粕水解物无菌和非无菌培养后 pH 及氮素变化.......................................................76 
表 4-9   不同相对分子质量的豆粕水解肽对多年生黑麦草根、芽及相对发芽率的影响......78 
表 5-1   离子交换层析洗脱条件正交设计 .................................................................................81 
表 5-2   离子交换层析 佳分离条件 .........................................................................................83 
表 5-3   离子交换层析分离的 6 组分蛋白含量..........................................................................85 
表 5-4   离子交换层析分离的 6 组分对多年生黑麦草种子萌发的根长抑制率 ......................85 















表 5-6   凝胶过滤层析分离的 6 组分对多年生黑麦草种子萌发的根长抑制率 ......................87 
表 5-7   6 组分蛋白含量 ..............................................................................................................89 
表 5-8   制备型液相分离的 6 组分对多年生黑麦草种子萌发的根长抑制率..........................89 
表 5-9   4 组不同洗脱条件及对照 ..............................................................................................90 
表 5-10  Tyr-Ser-Tyr-Pro-Pro-Arg 对多年生黑麦草的根长抑制率............................................96 
表 6-1   玉米蛋白粉营养成分及矿质元素分析 .........................................................................97 
表 6-2   玉米蛋白粉对植物种子相对发芽率，幼根及幼芽抑制率方差分析总表..................98 
表 6-3   培养箱实验条件下玉米蛋白粉对 8 种植物幼根的根长抑制率..................................99 
表 6-4   培养箱实验条件下玉米蛋白粉对 8 种植物芽长的抑制率........................................100 
表 6-5   培养箱实验条件下玉米蛋白粉对 8 种植物种子相对发芽率的影响........................101 
表 6-6   玉米蛋白粉培养 7 天后 pH 及 N 素变化 ....................................................................102 
表 6-7   玉米蛋白粉在无菌与无菌培养条件下对多年生黑麦草及红三叶的根长抑制率、芽长
抑制率及相对发芽率的影响.......................................................................................103 
表 6-8   玉米蛋白粉水解物对植物种子相对发芽率、根长及芽长抑制率方差分析总表....104 
表 6-9   培养箱实验条件下玉米蛋白粉水解物对 9 种植物根长抑制率................................105 
表 6-10  培养箱实验条件下玉米蛋白粉水解物对 9 种植物芽长抑制率................................106 
表 6-11  玉米蛋白粉水解物对 9 种植物种子相对发芽率影响 ................................................107 
表 6-12  玉米蛋白粉水解物在无菌及非无菌条件下对多年生黑麦草种子相对发芽率、幼根及
幼芽抑制率的影响.......................................................................................................108 
表 6-13  玉米蛋白粉水解物无菌和非无菌培养 7 天后 pH 及氮素变化 .................................108 
表 6-14  不同相对分子质量玉米蛋白粉水解肽对多年生黑麦草根、芽及相对发芽率的影响
.......................................................................................................................................110 
表 8-1   不同豆粕处理草坪颜色的影响 ...................................................................................121 
表 8-2   豆粕处理对草坪均一度的影响 ...................................................................................122 
表 8-3   豆粕处理草坪草的叶绿素含量 ...................................................................................122 
表 8-4   豆粕处理的草坪草组织全氮含量 ...............................................................................123 
表 8-5   豆粕对草坪硝酸还原酶活性的影响 ...........................................................................124 
表 8-6   豆粕对草坪生物量的影响 ...........................................................................................125 
表 9-1   施用豆粕及丁草胺条件下结缕草草坪土壤细菌数量 ...............................................132 
表 9-2   豆粕及丁草胺对结缕草草坪土壤真菌数量的影响 ...................................................132 
表 9-3   豆粕及丁草胺对结缕草草坪土壤放线菌数量的影响 ...............................................133 
表 9-4   施用豆粕及丁草胺后不同采样期细叶结缕草草坪土壤细菌丰富度........................137 
表 9-5   施用豆粕及丁草胺后不同采样期细叶结缕草草坪土壤细菌多样性指数................138 
表 9-6   施用豆粕及丁草胺后不同采样期结缕草草坪土壤细菌均匀度................................139 
表 9-7   不同引物序列及 RAPD 扩增结果...............................................................................140 
表 9-8   4 种处理的多态位点百分率 ........................................................................................141 
表 9-9   Shannon 指数估计的处理内多样性.............................................................................141 
表 9-10  Shannon 指数估计的处理间多样性.............................................................................142 
















Tab. 1-1   Allelopathic role of typical cultivated plants ..................................................................4 
Tab. 1-2   Natural toxins from microbes and their molecular target sites .....................................15 
Tab. 1-3   Commercialized or development potential herbicidal compounds from plants............19 
Tab. 2-1   Number and germination duration of seeds for the species tested................................31 
Tab. 2-2   The main instruments used in the experiments.............................................................32 
Tab. 2-3   The main reagents used in the experiments ..................................................................33 
Tab. 2-4   Reference documents for samples testing.....................................................................34 
Tab. 2-5   Conditions of flame method .........................................................................................35 
Tab. 2-6   Conditions of graphite furnace .....................................................................................35 
Tab. 2-7   Preparation of the color reaction reagent......................................................................44 
Tab. 2-8   Preparation of ultraviolet absorption reaction solution.................................................45 
Tab. 2-9   Preparation of sugar standard solution..........................................................................47 
Tab. 2-10  Sequence of 15 arbitrary primers in RAPD analysis ....................................................56 
Tab. 3-1   Nutrient composition and elements in soybean meal (SBM) .......................................57 
Tab. 3-2   ANOVA for showing the significance of soybean meal effects on seed germination, 
shoot and root reduction in growth chamber...............................................................58 
Tab. 3-3   Reduction in root development, relative to the control, of 8 plants treated with soybean 
meal in the growth chamber ........................................................................................59 
Tab. 3-4   Reductions in shoot lengths, relative to the control, of 8 plants treated with soybean meal 
in the growth chamber.................................................................................................60 
Tab. 3-5   Effect of soybean meal on the germination ratio, relative to the control, of 8 plants grown 
in the growth chamber.................................................................................................61 
Tab.3-6   ANOVA analyses for showing significance of soybean meal effects on germination ratio, 
reductions in shoot length and root length of 8 plant species......................................62 
Tab. 3-7   Reductions in root development, relative to the control, of 8 plants treated with soil 
surface-applied and preplant incorporated soybean meal in pot soil in the greenhouse
.....................................................................................................................................63 
Tab. 3-8   Reductions in shoot length, relative to the control, of 8 plants treated with four quantities 
of soil surface-applied and preplant incorporated soybean meal in pot soil in the 
greenhouse ..................................................................................................................64 
Tab. 3-9   Germination ratio, relative to the control, of 8 plants treated with soil surface-applied 
and preplant incorporated soybean meal in pot soil in the greenhouse .......................65 
Tab. 3-10  Variation of pH and N in soybean meal media after 7 days culture..............................66 
Tab. 3-11  Soybean meal effects on germination ratio, reductions in shoot length and root length, 
relative to the control, of Lolium perenne and Trifoliu pratens under sterile and 
non-sterile culture condition .......................................................................................67 
Tab. 4-1   Protein an N content of soybean meal and different hydrolyzed soymean peptides.....69 
Tab. 4-2   ANOVA for showing the significance of soybean meal hydrolyzate effects on seed 
germination, shoot and root reduction，relative to control ........................................70 
Tab. 4-3   Reduction in root lengths, relative to the control, of 9 plants treated with 4 















Tab. 4-4   Reduction in shoot lengths, relative to the control, of 9 plant seeds treated with soybean 
meal hydroysate in the growth chamber .....................................................................72 
Tab. 4-5   Effect of soybean meal hydrolysate on the germination ratio, relative to the control, of 9 
plants grown in the growth chamber ...........................................................................73 
Tab. 4-6   Effects of soybean meal hydrolyzate on germination ratio, reductions in shoot length and 
root length of Lolium perenne .....................................................................................75 
Tab. 4-7   Effects of soybean meal hydrolyzate on germination ratio, reductions in shoot length and 
root length of Lolium perenne under sterile and non-sterile conditions......................76 
Tab. 4-8   Variation of pH and N in soybean meal hydrolysate after 7 days culture under sterile and 
non-sterile....................................................................................................................76 
Tab. 4-9   Reduction in root lengths, shoot length and germination, relative to the control, of 
Lolium perenne treated with four quantities of different molecular weight peptides from 
soybean meal hydrolyzate ...........................................................................................78 
Tab. 5-1   Orthogonal design of eluting conditions of ion exchange chromatography .................81 
Tab. 5-2   The optimized separation conditions of ion exchange chromatography.......................83 
Tab. 5-3   The protein content of the 6 fractions separated by ion exchange chromatography from  
hydrolyzed soybean meal peptides..............................................................................85 
Tab. 5-4   Reduction in root length, relative to the control, of Lolium perenne treated with six 
fractions separated by ion exchange chromatography from soybean meal hydrolyzate
.....................................................................................................................................85 
Tab. 5-5   The protein content of 9 fractions.................................................................................87 
Tab. 5-6   Reduction in root length, relative to the control, of Lolium perenne treated with six 
fractions separated by gel filtration column from IEC-A8..........................................87 
Tab. 5-7   The protein content of 6 fractions.................................................................................89 
Tab. 5-8   Reduction in root length, relative to the control, of Lolium perenne treated with 6 
fractions separated by preparation RP-HPLC .............................................................89 
Tab. 5-9   4 different eluting conditions and control.....................................................................90 
Tab. 5-10  Reduction in root length, relative to the control, of Lolium perenne treated with 
Tyr-Ser-Tyr-Pro-Pro-Arg ............................................................................................96 
Tab. 6-1   Nutrient composition and elements in corn gluten meal (CGM)..................................97 
Tab. 6-2   ANOVA for showing the significance of corn gluten meal effects on seed germination, 
shoot and root reduction in growth chamber...............................................................98 
Tab. 6-3   Reduction in root development, relative to the control of 8 plants treated with corn 
gluten meal in the growth chamber .............................................................................99 
Tab. 6-4   Reductions in shoot lengths, relative to the control, of 8 plants treated with corn gluten 
meal in the growth chamber ......................................................................................100 
Tab. 6-5   Effect of Corn Gluten Meal on the germination ratio, relative to the control, of 8 plants 
grown in the growth chamber ...................................................................................101 
Tab. 6-6   Variation of pH and N in corn gluten meal media after 7 days culture.......................102 
Tab. 6-7   Corn gluten meal (CGM) effects on germination ratio, reductions in shoot length and 
root length of Lolium perenne and Trifoliu pratens under sterile and non-sterile culture
...................................................................................................................................103 
Tab. 6-8   ANOVA for showing the significance of corn gluten meal hydrolyzate effects on seed 















Tab. 6-9   Reduction in root lengths, relative to the control, of 9 plant seeds treated with corn 
gluten hydrolyzate in the growth chamber ................................................................105 
Tab. 6-10  Reduction in shoot lengths, relative to the control, of 9 plant seeds treated with four corn 
gluten hydrolyzate in the growth chamber ................................................................106 
Tab. 6-11  Effect of corn gluten hydrolyzate on the germination ratio, relative to the control, of 9 
plants seeds treated with corn gluten meal hydrolyzate in the growth chamber .......107 
Tab. 6-12  Corn gluten hydrolyzate effects on germination ratio, reductions in shoot length and root 
length of Lolium perenne under septic culture and aseptic culture ...........................108 
Tab.6-13   pH and N variation of corn gluten hydrolyzate after 7 days culture under sterile and 
non-sterile conditions ................................................................................................108 
Tab. 6-14  Reduction in root lengths, shoot length and germination, relative to the control, of 
Lolium perenne treated  hydrolyzed corn gluten peptides with different molecular 
weight........................................................................................................................110 
Tab. 8-1   Effect of SBM on turf coloration................................................................................121 
Tab. 8-2   Effect of SBM on turf equitability..............................................................................122 
Tab. 8-3   Effect of SBM on the chlorophyll content of turf grass..............................................122 
Tab. 8-4   Effect of SBM on turf total nitrogen...........................................................................123 
Tab. 8-5   Effect of SBM on nitrate reeducates activity..............................................................124 
Tab. 8-6   Effect of SBM on the turf biomass（g/m2）..............................................................125 
Tab. 9-1   Number of bacteria in Zoysia tenuifolia turf soil under SBM and Butachlo treatment
......................................................................................................................................................132 
Tab. 9-2   Number of fungus in Zoysia tenuifolia turf soil under SBM and Butachlo treatment 132 
Tab. 9-3   Number of actinomycete in Zoysia tenuifolia turf soil under SBM and Butachlo 
treatment....................................................................................................................133 
Tab. 9-4   Abundance of Zoysia tenuifolia turf soil bacteria in different sampling date under 
soybean meal and Buttachlo treatment......................................................................137 
Tab. 9-5   Shannon-Weaver Diversity Index of Zoysia tenuifolia turf soil bacteria in different 
sampling date under soybean meal and Buttachlo treatment ....................................138 
Tab. 9-6   Equitability Index of Zoysia tenuifolia turf soil bacteria in different sampling date under 
soybean meal and Buttachlo treatment......................................................................139 
Tab. 9-7   Sequence of arbitrary primers and the amplified results obtained from different primers
......................................................................................................................................................140 
Tab. 9-8   Percentage of polymorphic loci within 4 different treatments....................................141 
Tab. 9-9   Diversity within four treatments estimated by Shannon index ...................................141 
Tab. 9-10  Diversity among four treatments estimated by Shannon index ..................................142 














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
